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Description 

The invention relates to a display device comprising 
a display screen which is provided with a light-absorbing 
coating of an inorganic network comprising at least sili- 
con oxide and a dyestuff . 

The invention also relates to a method of manufac- 
turing a light-absorbing coating of an inorganic network 
comprising at least silicon oxide on a display screen of 
a display device by means of a sol-gel process, an aque- 
ous solution of an alkoxysilane and a dyestuff being pro- 
vided on the display screen and heated to convert the 
solution into said coating. 

Light-absorbing coatings which are used to reduce 
the light transmission are applied to the face plates of 
display devices, such as cathode ray tubes (CRTs), liq- 
uid crystal display devices (LCD and LC-TV) and thin 
electron displays, to improve the contrast of the image 
reproduced. By virtue thereof, there is no necessity to 
change the glass composition of the display screen and 
the possibilities of bringing the light transmission to a 
desired value in a simple manner are increased. Such 
coatings reduce the transmission of both incident ambi- 
ent light and light originating from CRT phosphors or col- 
our filters. As the coatings can be provided in a uniform 
manner, the transmission of the filtering layers is also 
uniform. The incident ambient light passes through the 
coating and the glass display screen, after which it re- 
flects off, respectively, the rough phosphor layer or the 
colour filter on the inside of the display screen and again 
passes through the display screen and the coating. If 
the transmission of the coating is designated T, the in- 
tensity of the reflected ambient light is reduced by a fac- 
tor of T 2 . Light originating from, respectively, the phos- 
phors and the colour fitter passes through the coating 
only once, so that the intensity of this light is reduced by 
a factor of T only, resulting in an increase of the contrast 
by a factor of T. There are transmission or T-coatings 
the absorption of which is substantially independent of 
the wavelength of the visible light and which, as a result, 
are of a neutral -grey colour, and chrominance or C-coat- 
ings which selectively absorb one or more spectral re- 
gions of the visible light. In the latter case, the absorption 
is preferably selected so that it takes place in the spec- 
tral region situated between the emission spectra of the 
phosphors. 

In United States Patent Specification US 4,987,338 
a description is given of a cathode ray tube having a 
display screen which is provided with a coating compris- 
ing a silicon (di)oxide network and a dyestuff having a 
selective light absorption which is maximal in the wave- 
length range of 575 ± 20 nm. Said Patent Specification 
also describes a method of manufacturing such a layer 
by means of a sol-gel process in which an aqueous al- 
coholic solution of an alkoxysilane compound, such as 
tetraethyl orthosilicate Si(OC 2 H 5 ) 4 (TEOS), acidified 
with hydrochloric acid and to which a dyestuff is added, 
is spin coated onto a display screen. For example, 



Rhodamine B is used as the dyestuff. Silicon (di)oxide 
starts forming in the solution. By a treatment at an in- 
creased temperature, the formation of silicon (di)oxide 
is completed and a layer of a silicon (di)oxide network 
s which also contains the dyestuff is formed. 

In the non-prepublished European Patent Applica- 
tion EP-A-603941, filed by Applicants, a description is 
given of a method of manufacturing a neutral, absorbing 
coating of silicon oxide, metal oxide and a black dyestuff 
10 by means of a sol-gel process, said coating having an 
improved light fastness and chemical resistance. 

A disadvantage of the known method is that the 
maximally attainable layer thickness of the sol-gel coat- 
ing is 0.8 um owing to the large quantities of water and 
alcohol to be evaporated, which leads to shrinkage dur- 
ing the curing operation. Due thereto, the risk of crackles 
in the layer increases as the layer thickness increases. 
The maximum concentration of dyestuff in a sol-gel lay- 
er is limited. Larger quantities of dyestuff cause the 
chemical resistance and the mechanical properties of 
the layer, such as hardness and resistance to wear, to 
be reduced. This is caused by the fact that the silicon- 
oxide network is disturbed, which has the additional dis- 
advantage that the dyestuff can be washed out. Owing 
to the small layer thickness of the known sol-gel layers, 
the maximum quantity of dyestuff in the layer is limited, 
so that the maximally attainable light absorption of the 
layer is limited too. This can be compensated for by 
means of a second sol-gel layer comprising dyestuff. 
However, this requires an additional process step. 

The known, relatively thin sol-gel layers additionally 
require a smooth, high-polish display-screen surface in 
order to obtain a coating having a high-polish surface. 
This means that the average roughness Rq across the 
substrate surface must not exceed 0.05 um and that the 
maximum roughness R z must not exceed 0.3 um. For 
this purpose, the display-screen surface must be sub- 
jected to an expensive fine-polishing treatment, for ex- 
ample with Ce 2 0 3 . 

It is an object of the invention to provide, inter alia, 
a display device comprising a display screen which is 
provided with a light-absorbing coating of an inorganic 
silicon-oxide network, which coating can be applied 
without inconvenience in a thickness in excess of 0.8 
u/Ti, so that the light absorption attained is higher than 
that of the known coatings while the concentration of 
dyestuff in the coating remains the same. The coating 
must adhere well to the glass display screen and it must 
be homogeneous and have good optical properties. The 
coating must also have good mechanical properties, 
such as a high hardness and a high resistance to wear. 
It must be possible to apply the coating by means of a 
sol-gel process. A further object of the invention is to 
provide a simple method of manufacturing such a coat- 
ing on a display screen at relatively low temperatures at 
which no damage is caused to parts of the complete dis- 
play device, such as a cathode ray tube. In addition, the 
method must be suitable for the manufacture of a coat- 
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ing which, if desired, can have a high-polish appearance 
which does not require a fine-polishing treatment of the 
display-screen surface. 

The object of providing a display device comprising 
a display screen which is provided with a light-absorbing 
coating is achieved by a display device, as described in 
the opening paragraph, which is characterized in ac- 
cordance with the invention in that a metal oxide of at 
least one metal selected from the group formed by Al, 
Ti, Zr and Ge is incorporated into the inorganic network 
of the coating, and in that the coating also comprises a 
carbon-containing polymer which is chemically bonded 
to and intertwined with the inorganic network via Si-C 
bonds. 

The incorporation of an oxide of Al, Ti, Zr and Ge or 
a mixture of one or more of said metal oxides into the 
hybrid network of silicon oxide and polymers results in 
an improved resistance of the coating against leaching 
out of the dyestuff when the coating is brought into con- 
tact with cleaning liquids, such as ethanol, acetone, am- 
monia and soap solutions. By virtue of said metal ox- 
ides, the resistance of the coating against diluted acetic 
acid and salt water is also improved. The metal oxides 
also improve the mechanical properties of the coating, 
such as hardness, resistance to wear and scratch re- 
sistance. The coating comprises 1 to 50 mol%, prefer- 
ably 5 to 35 mol%, of said metal oxide relative to silicon 
oxide. Below 1 mol%, the favourable effect occurs in- 
sufficiently, whereas above 50 mol%, there is no further 
improvement and the coating becomes unnecessarily 
expensive. Aluminium oxide is preferred to the other, 
above-mentioned metal oxides because incorporation 
of aluminium oxide leads to the best mechanical prop- 
erties of the coating. 

The coating in accordance with the invention is a 
hybrid inorganic-organic material which comprises a 
polymeric component in addition to the inorganic net- 
work of silicon oxide and metal oxide. In said hybrid ma- 
terial, certain C-atoms of the polymer are chemically 
bonded to Si atoms of the inorganic network. The poly- 
meric chains are intertwined with the inorganic network, 
thereby forming a hybrid inorganic-organic network. The 
chemical bond between the polymeric component and 
the inorganic network results in coatings which are me- 
chanically strong and thermally stable. By virtue of the 
polymeric component in the silicon-oxide network, thick 
coatings up to 100 uxn can be manufactured without 
causing cracks (crackles) in the layer. The bonding be- 
tween the coating and the glass surfaces is very good. 

Examples of polymeric components are polyether, 
polyacrylate and polyvinyl. 

Coatings having thicknesses of from 0.5 to 10 \im 
are manufactured for display screens. In such relatively 
thick layers, a relatively large quantity of dyestuff can be 
dissolved or incorporated, resulting in a low transmis- 
sion of the layers and hence a high contrast of the image 
reproduced. In addition, if such relatively thick coatings 
are used, it is not necessary to subject the glass surface 



of the display screen to a time-consuming fine-polishing 
treatment with, for example, Ce20 3 . Rough-polishing of 
the glass surface with pumice powder to an average 
roughness (R a ) of 0.13 uin and an R 2 value of 1.6 |im 

s yields, in combination with an inventive coating having 
a thickness of, for example, 2 um, a high-polish, smooth 
surface. To obtain an optimum effect, the refractive in- 
dex of the coating can be adapted to that of the glass of 
the display screen. The refractive index of the coating 

10 can be varied between 1 .45 and 1 .60. An increase of 
the concentration of metal oxides in the coating leads to 
an increase of the refractive index, whereas an increase 
of the quantity of polymeric component causes the re- 
fractive index of the coating to decrease. 

is The coating in accordance with the invention com- 
prises one or more dyestuffs. Both inorganic pigments 
and organic dyestuffs are possible. Examples thereof 
are xanthenes, such as Rhodamine B (Colour Index 
45170), phthalocyanines and azo-dyes. Rhodamine B 

20 is used to increase the contrast of the display screen, 
but it gives the coating a violet appearance, which is not 
always desirable. This can be corrected by adding one 
or more dyestuffs of a different colour to the coating. 
Usually, a neutral grey to black appearance of the 

25 coating is desired. For this purpose, a black dyestuff can 
be used in the coating. A large number of known black 
dyestuffs are unsuitable because they cannot be dis- 
solved in the sol-gel coating solution to be used. Black 
dyestuffs which can suitably be used in the coating in 

30 accordance with the invention are, inter alia, Orasol 
Black CN™ (Colour Index: Solvent Black 28) and Orasol 
Black RL™ (Colour Index: Solvent Black 29) by Ciba 
Geigy; Zapon Black X51 ™ (Colour Index: Solvent Black 
27) by BASF and Lampronol Black™ (Colour Index: Sol- 

35 vent Black 35) by ICI. These dyestuffs enable high- 
polish black coatings to be manufactured. A dyestuff 
which is very suitable is Orasol Black CN™ (Colour In- 
dex: Solvent Black 28) because it exhibits a high light 
fastness. The chemical structural formula of the latter 

40 dyestuff is unknown; according to the supplier it is a mo- 
no-azo chromium complex. In the wavelength range be- 
tween 410 and 680 nm, the transmission of the filtering 
layer comprising Orasol Black CN™ is substantially 
constant and hence spectrally neutral. Dependent upon 

45 the transmission desired, the coating comprises more 
or less dyestuff or the layer thickness is varied. 

If desired, the coating can be provided with anti- 
static properties by incorporating conductive particles, 
such as tin-oxide particles which may or may not be 

50 doped with Sb or In, conductive ions such as Li + or con- 
ductive polymers, such as polypyrrole. 

The object of providing a simple method of manu- 
facturing a light-absorbing coating of an inorganic net- 
work of at least silicon oxide on a display screen of a 

55 display device is achieved by a method as described in 
the opening paragraph, in which the coating is manu- 
factured by providing an aqueous solution of an alkox- 
ysilane and a dyestuff, which solution is subsequently 
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converted to the coating in a sol-gel process, said meth- 
od in accordance with the invention being characterized 
in that the solution comprises a mixture of 

a t rial koxysi lane of the formula: 
(RO) 3 Si-R 1 

wherein R is an alkyl group and R 1 is a polymeriz- 
able group, and R 1 is chemically bonded to the Si- 
atom via an Si-C bond, 

an alkoxy compound of at least one metal selected 
from the group formed by Al, Ti, Zr and Ge, and 
the dyestuff, 

the thermal treatment being carried out to form the dye- 
stuff-containing coating from the inorganic network of 
silicon oxide comprising an oxide of the metal and a pol- 
ymer which is formed from the polymerizable group R 1 , 
which polymer is chemically bonded to and intertwined 
with the inorganic network via Si-C bonds. 

The sol-gel process is based on the homogeneous 
hydrolysis and polycondensation of silicon alkoxides 
and metal alkoxides in the presence of water. A three- 
dimensional, inorganic network is formed by using tri- 
alkoxysilanes and said metal alkoxides. The R-group is 
preferably a C r C 5 alkyl group. The trialkoxysilane com- 
prises a polymerizable R 1 -group which is chemically 
bonded to the Si-atom via an Si-C bond. Examples of 
suitable polymerizable R 1 -groups are the epoxy, meth- 
acryloxy and vinyl groups. Suitable examples of trialkox- 
ysilanes comprising polymerizable R 1 -groups are: 
3-glycidoxypropyl-trimethoxysilane, 3-methacryloxy- 
propyl-trimethoxysilane and vinyltriethoxysilane. During 
the sol-gel process, the alkoxysilanes and metal alkox- 
ides hydrolyse and condense to form an inorganic net- 
work of silicon oxide and metal oxide, the polymerizable 
groups forming polymeric chains which are chemically 
bonded to the inorganic network via Si-C bonds. The 
epoxy groups, methacryloxy groups and vinyl groups 
polymerize, respectively, into a polyether, a polymeth- 
acrylate and a polyvinyl. The epoxy groups can be ther- 
mally polymerized, for which purpose an amine com- 
pound may optionally be added to the solution as a cat- 
alyst. Polymerization of the other groups requires the 
layer to be exposed to UV light. The polymeric chains 
are chemically bonded to and intertwined with the inor- 
ganic network. This results in mechanically strong and 
thermally stable coatings. The organic polymer provides 
the hybrid material with a large tensile strength, a high 
modulus of elasticity and a high impact resistance, while 
the three-dimensional inorganic network of silicon ox- 
ides and the above-mentioned metal oxides provide the 
material with a high hardness, a high scratch resistance 
and a large compressive strength. Tne solution compris- 
es 20 to 99 mol%, preferably 30 to 80 mol%, trialkoxysi- 
lane with a polymerizable group relative to the other 



alkoxy compounds. 

For the metal-alkoxy compounds use is made of 
compounds of the formula: 

M(OR) n , wherein M = Al, Ti, Zr or Ge; R is a C 1 -C 5 alkyl 
group and n is the valency of the metal M. Examples of 
suitable metal-alkoxy compounds are: 

tetraethoxy-germanate Ge(OC 2 H 5 ) 4 (TEOG), 
tetrabutoxy-zirconate Zr(OC 4 H 9 ) 4 (TBOZ), 
tetrapropoxy-zirconate Zr(OC 3 H 7 ) 4 (TPOZ), 
tripropoxy-aluminate AI(OC 3 H 7 ) 3 (TPOAI), 
tributoxy-aluminate AI(OC 4 H 9 ) 3 (TBOAI) and 
tetraethoxy-titanate Ti(OC 2 H 5 ) 4 (TEOTi). 

The solution comprises 1 to 50 mol%, preferably 5 
to 35 mol%, of the metal-alkoxy compound relative to 
the other alkoxy compounds. Hydrolysis and condensa- 
tion cause the corresponding metal oxide to be incorpo- 
rated into the inorganic network. By virtue thereof, the 
above-mentioned advantages as regards chemical re- 
sistance and light fastness of the coating are achieved. 
In addition, the stability of the solution is improved by 
adding said metal-alkoxy compounds, in particular tri- 
alkoxyaluminate. 

The solution may also comprise 0.01 to 10 mol% of 
an aminoalkoxysilane, such as 3-aminopropyl-triethox- 
ysilane, or other amine compounds, such as trimethyl- 
amine, relative to the alkoxy compounds. These amine 
compounds serve as a catalyst for the thermal polym- 
erization of the epoxy groups. 

One or more of the above-mentioned dyestuffs 
which can be dissolved in the solution, such as the light- 
fast, black dyestuff Orasol Black CN™ (Colour Index: 
Solvent Black 28), can be used as the dyestuff. 

The coating can optionally be rendered anti-static 
by adding the above-mentioned conductive compo- 
nents to the solution. 

In addition to water for the hydrolysis reaction, the 
solution comprises one or more organic solvents, such 
asethanol, butanol, isopropanol and diacetone alcohol. 

The solution can be customarily provided on the dis- 
play screen, for example, by means of spraying or at- 
omizing. The alcoholic solution is preferably spin coated 
onto the display screen. After drying and heating to, for 
example, 160°C for 30 minutes, a mechanically strong, 
smooth and high-polish filtering layer having the desired 
electrical and light-absorbing properties is obtained. 

The formation of a homogeneous, smooth layer can 
be promoted by adding a surface-active substance to 
the solution, for example in quantities of from 0.01 to 5 
wt. %. By virtue of the relatively mild reaction tempera- 
ture, curing of the layer can take place on the display 
screen of a complete display device. 

The formed coating of a hybrid, inorganic-organic 
material can be much thicker than 1 nm, for example up 
to 100 jim without causing crackles in the layer. After 
such a coating is spun in a thickness of 2 ujti onto rough, 
glass surfaces having an average roughness (l\) of, for 
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example, 0.13 ujn, said surfaces obtain a smooth, pol- 
ished appearance. By virtue thereof, an additional fine- 
polishing treatment of the surface of the glass screen 
can be dispensed with. 

To improve the chemical resistance of the coating, 
optionally up to 40 mol% of alkyl trialkoxysilane or aryl 
trialkoxysilane relative to the other alkoxy compounds 
is added to the coating solution. This addition causes 
the coating to become more hydrophobic. In this case, 
the alkoxy groups and the alkyl group comprise 1 to 5 
C-atoms. An example of a suitable aryl trialkoxysilane 
is phenyl-trimethoxysilane. The alkyl and phenyl groups 
cannot be polymerized. 

If desired, a small quantity of a fiuorocarbon silane 
or a silane with another hydrophobic group, such as a 
hydrocarbon or phenyl group, can be added to the coat- 
ing solution. The addition of only 0.1 to1 mol% of a fiuor- 
ocarbon silane relative to the other alkoxy compounds 
is sufficient to produce a hydrophobic coating. Owing to 
the apolar character of the fiuorocarbon chain, the fiuor- 
ocarbon silane settles selectively at the surface of the 
coating, thereby forming a very thin hydrophobic top 
coating. This thin top coating has no optical effect. It 
causes the coating to become water-repellent, so that 
the dyestuffs can no longer be washed out with aqueous 
solvents. In addition, visible finger prints can more easily 
be removed from the coating. A suitable fiuorocarbon 
silane is, for example, CgF^ChfeCK^-SKCX^Hsfe. After 
the sol-gel process, the fiuorocarbon chain is chemically 
bonded to the inorganic network. 

A small part of all of the above-mentioned trialkox- 
ysilane compounds can optionally be replaced by the 
corresponding dialkoxysilane compounds. Dialkoxysi- 
lane compounds do not intrinsically lead to a three-di- 
mensional network, but to linear polysiloxane chains. 
This will lead to a slight reduction of the hardness of the 
coating. 

In a preferred embodiment of the method in accord- 
ance with the invention, the coating solution comprises 
the following constituents: 

- alkoxy compounds in the following molar percent- 
ages: 

40 to 90 mol% 3-glycidoxypropyl-trimethoxysi- 
lane 

5 to 35 mol% tributoxy-aluminate 
- 0.01 to 10 mol% 3-aminopropyl-triethoxysilane 
0 to 30 mol% phenyl-trimethoxysilane 

1 to 1 0 wt. % of the black dyestuff with Colour Index 
Solvent Black 28 

- an organic solvent 
water. 

It is alternatively possible to apply the coating to a 
transparent front plate instead of to the display screen 
itself. This front plate does not have to be made of glass, 



but can alternatively be made, for example, of polycar- 
bonate. The coating then also enables the desired 
scratch resistance to be achieved. 

The invention will be explained in greater detail by 
s means of exemplary embodiments and a drawing, in 
which 

the sole Figure is a partly cut-away view of an em- 
bodiment of a cathode ray tube in accordance with the 
invention. 

10 

Exemplary embodiment 1 . 

A quantity of 40 g tributoxy-aluminate is dissolved 
in 48 g isopropanol to which 21 g ethyl-acetoacetate is 
15 added as the complexing agent. This solution is added 
to a mixture of the following silanes: 

16 g phenyl-trimethoxysilane 
1 20 g 3-glycidoxypropyl-trimethoxysilane 
20 - 9 g 3-aminopropyl-triethoxysilane 

Subsequently, 100 g isopropanol and 100 g diacetone 
alcohol are admixed. The mixture is then hydrolysed by 
adding water step-by-step until the stoichiometric quan- 

25 tity of water has been added; meanwhile the mixture is 
cooled by means of an ice bath. After all the water has 
been added, the solution is stirred at room temperature 
for 2 hours. Subsequently, the dyestuff Orasol Black 
CN™ (Colour Index: Solvent Black 28) is added in acon- 

30 centration of 6 g per kilogram of liquid, whereafter the 
solution is filtrated. 

The solution obtained comprises alkoxy com- 
pounds in the following molar percentages: 

35 - 10 mol% phenyl-trimethoxysilane 

65 mol% 3-glycidoxypropyl-trimethoxysilane 
5 mol% 3-aminopropyl-triethoxysilane 
20 mol% tributoxy-aluminate. 

40 The solution obtained is subsequently spin coated 
onto a fiat display screen at a rate of 200 r.p.m., where- 
after it is cured for 1 hour at 160° C. The coating ob- 
tained has a thickness of 4 um Said high-polish, neu- 
tral-black coating exhibits an average transmission of 
45 20 ± 2% between 420 and 680 nm. 

The thickness of the filtering layer obtained is gov- 
erned, inter alia, by the quantity of solvent and the 
number of revolutions during spin coating of the layer. 
The coating is resistant to washing with a weak acid, 
50 weak base, ethanol, acetone, water and customary 
cleaning agents. 

The adhesion of the coating to the surface complies 
with the tape-test requirements. 

In a scratch-resistance test in which a conical dia- 
55 mond (radius 8 pm) is moved over the surface with a 
force of 45 g, it is established that any scratches formed 
are invisible to the naked eye. 

The hardness is tested by means of a pencil test, in 
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which pencils of different hardnesses to which a force 
of 7.5 N is applied are moved over the surface of the 
layer at an angle of 45° and a rate of 0.05 m/s. According 
to this test, the coating in accordance with the invention 
has a degree of hardness in the range from 7 H to 8 H. 

The abrasion resistance of the coating is deter- 
mined by rubbing the same surface of the layer twenty 
times over a length of 25 mm with a Lion 50-50 eraser 
with a force of 10 N. The outcome of the test is that any 
scratches on the rubbed surface are invisible to the na- 
ked eye. 

The light fastness of the coating is tested by means 
of the so-called Xeno test in accordance with DIN-stand- 
ards 54003 and 54004, using a Heraeus Sun test CPS 
apparatus. In this test, the coating is exposed to artificial 
light corresponding to daylight under indoor conditions, 
in such a manner that a residence time of the filtering 
layer of 24 hours in this apparatus corresponds to 1 year 
of indoor conditions as tested according to DIN-wool 
standards. After an exposure time corresponding to 4 
years of indoor use (DIN-wool scale 6) the transmission 
of the layer has increased by 10% only. 

Exemplary embodiment 2. 

The Figure is a diagrammatic, cut-away view of a 
cathode ray tube 1 which is known perse and which has 
a glass envelope 2 comprising a display screen 3, a 
cone 4 and a neck 5. In the neck there is provided an 
electron gun 6 for generating an electron beam. This 
electron beam is focused on a phosphor layer on the 
inside 7 of the display screen 3. The electron beam is 
deflected across the display screen in two mutually per- 
pendicular directions by means of a deflection coil sys- 
tem. The display screen 3 is provided on the outside with 
a light-absorbing coating 8 in accordance with the in- 
vention. 

The invention enables light-absorbing coatings 
having a thickness of at least 0.5 jim and having a low 
transmission to be provided on a display screen of a dis- 
play device in a simple manner. These relatively thick 
layers do not exhibit crackles. A high-polish coating can 
be obtained even if, prior to the application of the coat- 
ing, the display screen has a matt appearance with an 
average roughness R a of 0.1 3 um The average rough- 
ness R a of the coated display screen is 0.03 ujti. The 
coatings are lightfast and resistant to customary clean- 
ing liquids. Curing of the filtering layer at 160° C, to 
which temperature display tubes are resistant, results 
in scratch-resistant and wear-resistant layers. 



Claims 

1 . A display device comprising a display screen which 
is provided with a light-absorbing coating of an in- 
organic network comprising at least silicon oxide 
and a dyestuff, characterized in that a metal oxide 



of at least one metal selected from the group formed 
by Al, Ti, Zr and Ge is incorporated into the network, 
and in that the coating also comprises a carbon- 
containing polymer which is chemically bonded to 
5 the inorganic network via Si-C bonds. 

2. A display device as claimed in Claim 1 , character- 
ized in that the thickness of the coating is 0.8 to 10 
pm. 

10 

3. A display device as claimed in Claim 1 , character- 
ized in that the coating comprises 5 to 35 mol% alu- 
minium relative to silicon. 

15 4. A display device as claimed in Claim 1 , character- 
ized in that the polymer is selected from the group 
formed by polyether, potyacrylate and polyvinyl. 

5. A display device as claimed in Claim 1 , character- 
20 ized in that the black dyestuff with Colour Index Sol- 
vent Black 28 is used as the dyestuff. 

6. A method of manufacturing a light-absorbing coat- 
ing of an inorganic network of at least silicon oxide 

25 on a display screen of a display device by means 
of a sol-gel process, in which an aqueous solution 
of an alkoxysilane and a dyestuff is provided on the 
display screen and heated to convert the solution 
into said coating, characterized in that the solution 

so comprises a mixture of 

a trialkoxysilane of the formula: 

35 (RO) 3 Si-R 1 

wherein R is an alkyl group and R 1 is a polym- 
erizable group, and in which R 1 is chemically 
bonded to the Si-atom via a Si-C bond, 
40 - an alkoxy compound of at least one metal se- 
lected from the group formed by Al, Ti, Zr and 
Ge, and 
- the dyestuff, 

45 the thermal treatment being carried out to form the 
dyestuff -containing coating from the inorganic net- 
work of silicon oxide comprising an oxide of the met- 
al and a polymer which is formed from the polym- 
erizable R 1 -group, which polymer is chemically 

so bonded to and intertwined with the inorganic net- 
work via Si-C bonds. 

7. A method as claimed in Claim 6, characterized in 
that the polymerizable group is selected from the 

55 group formed by epoxy, methacryloxy and vinyl. 

8. A method as claimed in Claim 6, characterized in 
that trialkoxyaluminate is used as the metal alkoxy 
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compound. 

9. A method as claimed in Claim 6, characterized in 
that the black dyestuff with Colour Index Solvent 
Black 28 is used as the dyestuff. 

10. A method as claimed in Claim 6, characterized in 
that the solution also comprises 40 mol% alkyl tri- 
alkoxysilane or aryl trialkoxysilane relative to the 
other alkoxy compounds. 

11. A method as claimed in Claim 6, characterized in 
that the solution also comprises 1 mol% of a fluor- 
ocarbon silane relative to the other alkoxy com- 
pounds. 

12. A method as claimed in Claim 6, characterized in 
that the solution comprises the following constitu- 
ents: 

alkoxy compounds in the following molar per- 
centages: 

- 40 to 90 mol% 3-glycidoxypropyl-trimeth- 
oxysilane 

5 to 35 mol% tributoxy-aluminate 

0.01 to 10 mol% 3-aminopropyl-triethox- 

ysilane 

- 0 to 30 mol% phenyi-trimethoxysilane 

1 to 10 wt. % of the black dyestuff with Colour 
Index Solvent Black 28 
an organic solvent 
- water. 

13. A method as claimed in Claim 6, characterized in 
that the solution is spin coated onto the display 
screen. 



Patentanspruche 

1. Bildwiedergabeanordnungmiteinem Bildschirm mit 
einer lichtschluckenden Schicht aus einem anorga- 
nischen Netz-werkmit mindestens Siliziumoxid und 
mit einem Farbstoff, dadurch gekennzeichnet, daB 
in dem anorganischen Netzwerk der Deckschicht 
ein Metalloxid eingebaut ist, aus mindenstens ei- 
nem Metall, gewahlt aus der Gruppe, gebildet durch 
Al, Ti, Zr und Ge, und daft die Deckschicht zugleich 
ein kohlenstoffhaltiges Polymer aufweist, das uber 
Si-C-Bindungen mit dem anorganischen Netzwerk 
chemisch gebunden ist. 

2. Bildwiedergabeanordnung nach Anspruch 1, da- 
durch gekennzeichnet, daB die Dicke der Deck- 
schicht 0,8 bis 10 ujti betragt. 



3. Bildwiedergabeanordnung nach Anspruch 1, da- 
durch gekennzeichnet, daB die Deckschicht 5 bis 
35 mol% Aluminium gegenuber Silizium aufweist. 

s 4. Bildwiedergabeanordnung nach Anspruch 1, da- 
durch gekennzeichnet, daB das polymer aus der 
Gruppe gewahlt ist, die durch Polyather, Polycarbo- 
>iat und Polyvinyl gebildet wird. 

10 5. Bildwiedergabeanordnung nach Anspruch 1, da- 
durch gekennzeichnet, daB der schwarze Farbstoff 
mit Colour Index Solvent Black 28 als Farbstoff ver- 
wendet wird. 

1$ 6. Verfahren zum Herstellen einer lichtschluckenden 
Deckschicht aus einem anorganischen Netzwerk 
mit wenigstens Siliziumoxid auf einem Bildschirm 
einer Bildwiedergabeanordnung mittels eines Sol- 
Gel-Prozesses, wobei eine wasserige Losung ei- 

20 nes Alkoxysilans und eines Farbstoffs auf dem Bild- 
schirm angebracht und durch Erwarmung in die 
Deckschicht umgewandelt wird, dadurch gekenn- 
zeichnet, daB die Losung ein Gemisch aus den 
nachfolgenden Stoffen aufweist: 

25 

einem Trial koxysilan mit der Forme!: 
(RO) 3 Si-R 1 

30 

wobei R eine Alkylgruppe und R 1 eine polyme- 
risierbare Gruppe darstellt und wobei R 1 uber 
eine Si-C-Bindung an dem Si-Atom chemisch 
gebunden ist, 

35 - einer Alkoxyverbindung aus mindestens einem 
Metall, gewahlt aus der Gruppe, die durch Al, 
Ti, Zr und Ge gebildet ist, und 
- dem Farbstoff, 



40 wobei durch die Warmebehandlung die den Farb- 
stoff enthaltende Deckschicht aus dem anorgani- 
schen Netzwerk aus Siliziumoxid und einem darin 
eingebauten Oxid des Metalls gebildet wird, sowie 
aus einem Polymer, gebildet aus der polymerisier- 

45 baren Gruppe R 1 , wobei dieses Polymer uber Si-C- 
Bindungen an dem anorganischen Netz-werk che- 
misch gebunden und damit verflochten ist. 

7. Verfahren nach Anspruch 6, dadurch gekennzeich- 
50 net, daB die polymerisierbare Gruppe gewahlt wird 

aus der Gruppe, die durch Epoxy, Methacryloxy und 
Vinyl gebildet ist. 

8. Verfahren nach Anspruch 6, dadurch gekennzeich- 
55 net, daB als Metallalkoxyverbindung Trialkoxyalu- 

minat verwendet wird. 

9. Verfahren nach Anspruch 6, dadurch gekennzeich- 
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4. Dispositif d'affichage suivant la revendication 1 , ca- 
racteris6 en ce que le polymere est selectionne 
dans le groupe forme par les poly6thers, les polya- 
crylates et les polyvinyles. 

5 

5. Dispositif d'affichage suivant la revendication 1 , ca- 
racterise en ce qu'on utilise comme matidre colo- 
rante la matiere colorante noire avec I'indice de 
couleur : Noir Solvant 28. 

10 

6. Proc6d6 de fabrication d'un revetement absorbant 
la lumiere d'un reseau inorganique au moins d'oxy- 
de de silicium sur un ecran d'affichage d'un dispo- 
sitif d'affichage au moyen d'un processus sol-gel, 

'5 au cours duquel une solution aqueuse d'un alcoxy- 
silane et d'une matiere colorante est deposee sur 
l'6cran d'affichage et chauftee de maniere k conver- 
ts la solution en revetement, caracterise en ce que 
la solution comprend un melange 

20 

d'un trialcoxysilane de la formule : 
(RO) 3 Si-R 1 

25 

ou R est un groupe alkyle et R 1 est un groupe 
polyrTterisable, et ou R 1 est lid chimiquement k 
I'atome de Si via une liaison Si-C, 
d'un compost alcoxy d'au moins un m£tal se- 
30 lectionnS dans le groupe forme par I'M, le Ti, le 

Zr et le Ge, et 
de la matiere colorante, 

le traitement thermique etant effectud de maniere k 
35 former le revetement contenant la matiere coloran- 
te a. partir du reseau inorganique d'oxyde de silicium 
comprenant un oxyde du melal et un polymere qui 
est fornrte k partir du groupe R 1 polynrterisable, le- 
quel polymere est \\6 chimiquement au r6seau inor- 
40 ganique et entrelace avec ce dernier via des 
liaisons Si-C. 

7. Proc6d6 suivant la revendication 6, caracteris6 en 
ce que le groupe polynrterisable est s6lectionn6 

45 dans le groupe forme par les epoxy, melhacryloxy 
et vinyles. 

8. Proc6d6 suivant la revendication 6, caracterise en 
ce qu'on utilise comme compose alcoxy rrtetallique 

so du trialcoxyaluminate. 



net, da& als Farbstoff der schwarze Farbstoff mit 
Colour Index Solvent Black 28 verwendet wird. 

10. Verfahren nach Anspruch 6, dadurch gekennzeich- 
net, daf3 die Losung zugleich 40 moi% Alkyltrialk- 
oxysilan Oder Aryltrialkoxysilan gegenuber den ub- 
rigen Alkoxyverbindungen aufweist. 

11. Verfahren nach Anspruch 6, dadurch gekennzeich- 
net, daG die Losung zugleich bis zu 1 mol% eines 
Kohlenfiuorsilans gegenuber den weiteren Alkoxy- 
verbindungen aufweist. 

12. Verfahren nach Anspruch 6, dadurch gekennzeich- 
net, daG die losung die nachfolgenden Bestandteile 
aufweist: 

- Alkoxyverbindungen mit den untenstehenden 
molaren Prozentsatzen: 

40 bis 90 mol% 3-Glycidoxypropyltrime- 
thoxysilan 

5 bis 35 mol% Tributoxyaluminat 

0,01 bis 10 mol% 3-Aminopropyltriathoxy- 

silan 

- 0 bis 30 mol% Phenyltrimethoxysilan 

1 bis 10 Gew.% des schwarzen Farbstoffs mit 
Colour Index Solvent Black 28 
ein organisches Losungsmittel 
Wasser. 

13. Verfahren nach Anspruch 6, dadurch gekennzeich- 
net, daG die Losung im Schleuderverfahren auf dem 
Bildschirm angebracht wird. 



Revendicatlons 

1. Dispositif d'affichage comprenant un ecran d'affi- 
chage qui est pourvu d'un revetement absorbant la 
lumiere d'un r6seau inorganique comprenant au 
moins de I'oxyde de silicium et une matiere coloran- 
te, caract6ris6 en ce qu'un oxyde metallique d'au 
moins un metal sSlectionne dans le groupe fonm6 
par I'AI, le Ti, le Zr et le Ge est incorpore dans le 
r6seau, et en ce que le revetement comprend 6ga- 
lement un polymere contenant du carbone qui est 
lie chimiquement au reseau inorganique via des 
liaisons Si-C. 

2. Dispositif d'affichage suivant la revendication 1 , ca- 
racterise en ce que I'epaisseur du revetement est 
comprise entre 0,8 et 10 jam. 

3. Dispositif d'affichage suivant la revendication 1 , ca- 
racteris6 en ce que le revetement comprend 5 k 
35% en mole d'aluminium par rapport au silicium. 



9. Proced6 suivant la revendication 6, caracteris6 en 
ce qu'on utilise comme matiere colorante la matiere 
colorante noire avec I'indice de couleur : Noir Sol- 

55 vant 28. 

10. Proc6d6 suivant la revendication 6, caracterise en 
ceque la solution comprend egalement 40% en mo- 
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le de afkyltrialcoxysiiane ou de aryltrialcoxysilane 
par rapport aux autres composes alcoxy. 

11. Precede sulvant la revendication 6, caractdrise en 

ce que la solution comprend egalement 1 % en mole s 
d'un silane fluorocarbon6 par rapport aux autres 
compos 6s alcoxy. 

12. Precede suivant la revendication 6, caracterise en 

ce que la solution comprend les constituants io 
suivants : 

des composed alcoxy dans les pourcentages 
molaires suivants : 

15 

40 a 90% en mole de 3-glycidoxypropyltri- 
m6thoxysilane 

5 a 35% en mole de tributoxyaluminate 
0,01 a 1 0% en mole de 3-aminopropyl trie- 
thoxysilane 20 
0 a 30% en mole de ph6nylm6thoxysilane 

1 a 10% en poids de matiere colorante noire 
avec un indice de couleur : Noir Solvant 28 
un solvant organ ique 25 
- de I'eau. 

13. Proc6de suivant la revendication 6, caract£ris6 en 
ce que la solution est appliquee par centrifugation 

sur I'Scran d'affichage. 30 
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